In the present study we have investigated the effects of heat acclimation on brain and hepatic Hsp70 protein levels and body temperature of broiler chickens in response to gradual heat stress. Two groups of broilers were raised up to 47 days of age under distinct temperature conditions: thermoneutral (TN, according to bird age) or hot environmental (HS, 31-33°C). At 46 days of age, the birds reared at high ambient temperature were transferred to thermoneutrality conditions. After 18 h, these birds and the birds reared at thermoneutral temperature were submitted to gradual heat stress in a climatic chamber so that environment temperature was increased from 28 to 40 o C at a rate of 2 o C/h. Colonic temperature was measured using a thermometer sensor probe at each two hours, and hepatic and brain tissues were collected immediately after slaughter in order to assess Hsp70 protein level by Western blotting analysis. The colonic temperatures of birds reared at high temperature increased steeply during the first 2 h of heat stress (1.06 o C/h) and more slowly thereafter (0.59 o C/h). Broilers reared at thermoneutral temperature showed a small increase in the first 4 h of heat stress (0.18 o C/h) and then colonic temperature increased sharply (0.72 o C/h). Nevertheless, both groups presented similar final colonic temperature by the end of the stress period. Hsp70 levels (ng Hsp70 µg total protein -1
ABSTRACT
In the present study we have investigated the effects of heat acclimation on brain and hepatic Hsp70 protein levels and body temperature of broiler chickens in response to gradual heat stress. Two groups of broilers were raised up to 47 days of age under distinct temperature conditions: thermoneutral (TN, according to bird age) or hot environmental (HS, (31) (32) (33) . At 46 days of age, the birds reared at high ambient temperature were transferred to thermoneutrality conditions. After 18 h, these birds and the birds reared at thermoneutral temperature were submitted to gradual heat stress in a climatic chamber so that environment temperature was increased from 28 to 40 o C at a rate of 2 o C/h. Colonic temperature was measured using a thermometer sensor probe at each two hours, and hepatic and brain tissues were collected immediately after slaughter in order to assess Hsp70 protein level by Western blotting analysis. The colonic temperatures of birds reared at high temperature increased steeply during the first 2 h of heat stress (1.06 o C/h) and more slowly thereafter (0.59 o C/h). Broilers reared at thermoneutral temperature showed a small increase in the first 4 h of heat stress (0.18 o C/h) and then colonic temperature increased sharply (0.72 o C/h). Nevertheless, both groups presented similar final colonic temperature by the end of the stress period. Hsp70 levels (ng Hsp70 µg total protein -1 ) did not change in the liver or brain of the birds reared at high temperature. On the other hand, both liver and brain Hsp70 levels increased significantly during heat stress in the animals reared at thermoneutrality, with a higher expression of this peptide in brain tissue.
INTRODUCTION
Living organisms respond to changes in environmental temperature by activation of physiological mechanisms involved in heat loss or production. Several cellular events are triggered when cells and organisms are exposed to stress injury. Nevertheless, the activation of these responses seems to be transient since they are blocked after a return to the non-stressing physiological state. If the animal or the cell is not able to react or adapt to these environmental changes, homeostasis may be compromised and even death may occur.
In the poultry industry, a high mortality rate and impaired performance of broiler chickens have been recorded with alterations in ambient temperature (Arjona et al., 1988) . Heat stress has generated significant economic losses to the Brazilian poultry industry. During summer and also during the veranico (hot days and cold nights that occur during Spring and Autumn), heat stress is responsible for the morbidity and mortality of one million broilers per month (Macari et al., 2002) . Adult birds are the most affected by high ambient temperatures and emphasis has been placed on procedures such as feed restriction, changes in diet composition and environmental management (fogging and fans) in order to minimize temperature negative effects.
The physiological and molecular mechanisms involved in the stress response have been extensively investigated in a wide variety of species. It has been well characterized that this emergency response is marked by a drastic reduction in cellular protein synthesis, except for a set of proteins named heat shock proteins (Hsps), whose synthesis is perceptibly increased under stressing conditions (Craig, 1985) . These proteins are highly conserved among species and some evidences suggest that their function is to protect stressed cells and organisms, preventing or reversing disorders caused by stress. Other stressing agents besides changes in environment temperature can activate specific heat shock genes, with a consequent increase in synthesis and levels of intracellular Hsps (Hahn et al., 1991) .
Studies have demonstrated that previous exposure of animals or cultured cells to mild temperatures is enough to induce thermotolerance in response to a subsequent lethal stress (Lindquist & Craig, 1988) . In spite of the many lines of evidence showing that the expression of 70 kDa heat shock protein (Hsp70) is time-and temperature-dependent in broiler chickens (Gabriel et al, 1996) , the role of these proteins in the thermotolerance phenomenon in poultry has not been fully elucidated. Based on this evidence, the purpose of the present study was to investigate the effects of heat stress on brain and hepatic Hsp70 protein levels and body temperature in heat-acclimated broiler chickens.
MATERIALS AND METHODS

Bird management and temperature conditions
A total of 300 one-day-old female broiler chickens of a commercial strain (Cobb) were reared at a density of 10 birds/m 2 in pens covered with 10 cm of wood shavings as litter material. The birds were divided in two groups of 150 birds and housed in two distinct environmentally controlled rooms, where ambient temperature was controlled to thermoneutrality according to bird age (thermoneutral temperature, TN) or to high ambient temperature (heat acclimated, HS) ( Table 1) . At 47 days of age, birds of both treatments, TN and HS, were submitted to gradual heat stress. Initially, birds raised at high ambient temperature were kept for 18 h at thermoneutral ambient condition (21-25°C) before exposure to gradual heat stress. During the gradual heat stress, birds were placed in individual cages (0.60 x 0.50 x 0.45 m) with no food or water available inside an environmentally controlled room. Initial room temperature was 28ºC and it was raised 2ºC per hour up to 42ºC. Colonic temperature of 16 birds was measured at one hour intervals using a telethermometer (Yellow Spring Instruments, model 46 TUC) and a probe inserted 5 cm in the colon (probe YSI nº 702). Two birds per treatment at each temperature (28, 30, 32, 34, 36, 38, 40, and 42 o C) were randomly chosen and sacrificed by cervical dislocation. Brain and hepatic tissue samples were immediately collected and frozen in liquid nitrogen for later analysis. The diets used in the experiment were based on corn and soybean meal and broilers were fed a diet containing 3,200 kcal ME/kg and 23 % of crude protein content in the starter phase (1 to 21 days of age) and 20% of crude protein in the grower phase (22 to 47 days of age). 
Determination of Hsp70 protein levels by Western blotting analysis
Brain and liver samples were homogenized three times (1 min each time) in 10 mL of lysis buffer (20 mM Tris-HCl, pH 7.5, 9 g/L NaCl, 2 mM b-mercaptoethanol) at 20,000 rpm with ice-bath intervals of 30 s. Total lysate was centrifuged at 3,100 g for 30 min at 4ºC and the supernatants were manually homogenized 10 times with a Potter-Elvehjem homogenizer. Aliquots were separated for total protein determination and electrophoresis. Three hundred µL of 2x sample buffer (125 mM Tris-HCl, pH 6.8, 200 µL /L glycerol, 40 g/L SDS, 0.02 g/L bromophenol blue) and 40 µL bmercaptoethanol were added to the liver electrophoresis samples, whereas the brain samples were prepared by the addition of 300 µL of 4x sample buffer (250 mM Tris-HCl, pH 6.8, 400 µL L/L glycerol, 80 g/L SDS, 0.02 g/L bromophenol blue) and 40 µL bmercaptoethanol. The protein concentration of supernatant aliquots was determined as described by Hartree (1972) using standard curves obtained from triplicate samples of bovine serum albumin solution (Sigma) ranging from 0, to 20, 40, 60, 80 and 100 µg. Ten µg of total protein for brain and 30 µg for liver were loaded and separated on 9% polyacrylamide gels under denaturing conditions (Sambrook et al., 1989) . A pooled sample of one-day-old chickens was loaded onto all gels as a reference standard in order to estimate Hsp70 levels. The pool was a mixture of equal quantities of total protein of the supernatant obtained from different birds and was specific for each tissue (liver and brain).
Proteins were transferred from the SDSpolyacrylamide gels to polyvinylidene difluoride (PVDF Hybond P, Amersham) membranes as described by Towbin et al. (1979) . Membranes were then incubated for one hour at room temperature with monoclonal anti-Hsp70 antibody (H-5157, Sigma) in 10 mL of cold TBST-milk buffer (10 mM Tris-HCl pH 8.0; 150 mM NaCl, 50 g/L non-fat skimmed milk; 0.02 % Tween-20) at a final dilution of 1:1,000. After four washings of 5 min in 10 mL of TBST buffer (without non-fat skimmed milk, membranes were incubated with 2 µL anti-mouse antibody conjugated to alkaline phosphatase (A-5153, Sigma) and diluted in 10 mL of cold TBS-milk solution (1:5,000 dilution) for one hour at room temperature under constant shaking. The membranes were then rinsed with cold TBST buffer under the same conditions as described above. The color reaction was developed in the presence of specific chromogenic substrates until the visualization of the Hsp70 band (approximately 2 min), when the reaction was blocked by the addition of trichloroacetic acid (30 mL/L). The color signal of the bands corresponding to Hsp70 was determined by densitometry (Shimadzu CS-9301) using the reflection mode and zigzag scanning at 525 nm.
Hsp70 levels were quantified by direct comparison with standard curves constructed from known amount of purified Hsp70 (H-9776, Sigma) (Givisiez et al., 1999) . Aliquots containing 50, 100, 200, 400, 600 and 800 ng of purified Hsp70 as well as aliquots of reference standard samples were loaded onto the electrophoresis gel. Polyacrylamide gel electrophoresis and Western Blot analysis were performed as previously described. The band signals corresponding to the increasing concentrations of Hsp70 protein were evaluated by densitometry and expressed as the ratio between the density of each band and the mean density of the reference standard, which was analysed in triplicate.
Variation in colonic temperatures (T c ) of broiler chickens during gradual heat stress was determined every hour, and is shown in Figure 1 . Heat-acclimated birds showed a steep increase during the first 2 h of Hsp70 concentrations were then plotted against the density ratio of each concentration and a standard curve was constructed. The Hsp70 levels in brain and liver samples from the different treatments were evaluated by a similar procedure. Density ratios between samples and the specific reference standard were calculated, then the concentrations were determined according to the standard curve and expressed as ng Hsp70/µg total protein.
Statistical Analysis
Data were analyzed in a completely randomized design using the General Linear Model (GLM) procedure of SAS ® (SAS Institute, 2000) . Differences between means were determined by Tukeys test at the 5 % level of probability (p< 0.05).
RESULTS
The influence of environmental rearing temperature on body weight, feed intake and feed conversion of broiler chickens is presented in Table 2 . Birds that were reared at high temperature had lower body weight and worse feed conversion than birds reared at thermoneutral temperature (p<0.05). Although ambient temperature did not affect feed intake until 21 days of age, birds kept at high temperature showed lower feed intake between 21 to 42 days of age compared to the birds reared under thermoneutral conditions. stress (1.06ºC/h), followed by a slower increase thereafter (0.59ºC/h), and reached 44.85ºC at the end of the heat stress episode. On the other hand, TN birds showed a small increase in T c during the first 4 h of stress (0.18ºC/h), followed by a sharp increase at a rate of 0.72ºC/h, reaching 44.12ºC at the end of the heat stress episode. It is worth noting that both groups reached the same final colonic temperature by the end of the stress period (Figure 1) . acclimated to a hot environment has been proposed to be a defense mechanism, since it reduces the thermal load and the use of body water to dissipate the heat by evaporative mechanisms. Several studies have reported that broilers exposed to hot ambient temperatures at the end of the growing phase presented higher rectal temperature than control birds (Reece et al., 1972; May et al., 1987; Wiernusz & Teeter, 1996) . Nevertheless, 5-day-old chicks exposed to heat stress for 24 h showed similar (Arjona et al., 1990) or lower (Yahav & Hurwitz, 1996) rectal temperature at 43 days of age when compared to birds not submitted to neonatal heat stress. These findings suggest that exposure to heat stress during rearing may determine changes in the thermotolerance of birds at the end of the growing phase, although only a few convincing data related to this adaptive mechanism are available in the literature. Our results suggest that broiler chickens are able to develop mechanisms associated with heat tolerance since the pattern of increase in colonic temperature observed during gradual heat stress seems to be involved in their ability to tolerate high ambient temperature. The rate of increase in colonic temperature during the heat stress episode in the heat-acclimated birds might be associated with the process of reducing water loss in order to prevent dehydration. Additionally, SchmidtNielsen (1979) showed that enhancements in colonic temperature allow the birds to tolerate high environmental temperatures through conductive and radiant heat loss mechanisms. Yahav et al. (1997) reported that the hyperthermia observed in heatacclimated broilers is a result of the lack of a cardiovascular system response, and suggested that hemodynamic changes are necessary to confer resistance to heat stress. Thus, the identification of additional physiologic mechanisms involved in cardiovascular hemodynamic changes and in the acquisition of thermotolerance in heat-acclimated broiler chickens requires further study.
Brain and hepatic Hsp70 protein concentrations in heat-acclimated birds (HS) and in birds reared at thermoneutrality (TN) showed that the expression of this protein is tissue-dependent (Table 3 ). The brain Hsp70 levels were 3 to 4 times higher than in the hepatic tissue of heat-stressed birds reared at thermoneutrality. No differences were observed in the liver or brain Hsp70 levels of heat-acclimated broilers during the episode of gradual heat increase (p>0.05). Increases in brain Hsp70 levels in non-acclimated birds were more marked after ambient temperature had Table 3 . Hsp70 protein levels in the brain of heat acclimated broilers remained unaltered during gradual heat exposure (p>0.05). Nevertheless, brain Hsp70 levels increased significantly in TN birds during the heat stress episode (p<0.05), with higher levels of this protein being observed when ambient temperature reached values equal to or higher than 36 o C. Hepatic Hsp70 levels were similar between the two treatments up to 34 o C, whereas the lower content of this peptide was observed in heat-acclimated birds (HS) between 36 and 42 o C. Increases in Hsp70 protein levels were more marked in brain than in liver samples.
DISCUSSION
Our findings showed that heat acclimation is able to affect the thermoregulatory events of broiler chickens, resulting in enhanced colonic temperature. No difference was detected in brain or hepatic Hsp70 protein levels in heat-acclimated birds during gradual heat stress. The higher colonic temperature of broilers reached 36 o C, when their colonic temperature was more than 43ºC. Flanagan et al. (1995) suggested that the different accumulative profiles of Hsp70 in tissues may be due to the different temperatures to which tissues are submitted. As reported by Schmidt-Nielsen (1995) , some species present mechanisms that do not allow the brain to change its temperature, which is kept 2 or 3ºC lower than rectal temperature. Nonetheless, when the physiological limit of thermoregulation is exceeded during a stressing condition, little changes in brain temperature would be insufficient to induce an accumulation of Hsp70 in this tissue. We could only speculate that in heatacclimated broilers the activation of mechanisms associated with thermotolerance is marked by increases in colonic temperature during exposure to heat stress, and that no differences are observed at the molecular level in brain and hepatic Hsp70 protein levels due to the small alteration in internal temperature of these tissues during heat stress. The effect of exposure of chicks to heat during the neonatal phase on thermotolerance in adult birds was previously investigated (Yahav et al., 1997) . Birds were thermotolerant to heat stress at 42 days of age, but the concentrations of Hsp70 in the heart and lungs of these animals were lower than in the control birds, suggesting that this protein did not play an important role in the mechanism involved in thermotolerance. It has been well documented that the increased synthesis of Hsp70 in response to heat shock is not necessarily sufficient to induce thermotolerance and even may not be required during mouse embryo heat exposure (Hansen, 1999) . Our findings reinforce the notion that Hsp70 alone is probably insufficient for induced thermotolerance in birds, and further studies are needed to investigate the participation of other molecules during heat acclimation of broiler chickens.
Alternatively, the decreased Hsp70 levels observed under the conditions of the present study may not be associated with changes in the stability of this peptide, since it has been well characterized that heat shock proteins and their transcripts present high stability compared to other genes when organisms are exposed to the action of stressing agents (Lindquist & Craig, 1988) . Nevertheless, the existence of a relationship between the cellular and neuroendocrine stress responses in tissues of intact animals has been proposed based on the observation that hypophysectomized rats did not present Hsp gene expression in response to restraint stress, and that administration of stress-related hormones such as ACTH to these rats induced Hsp70 synthesis in the adrenals (Blake et al., 1990) . Based on this evidence, the cited authors suggested that higher levels of circulating cortisol could inhibit Hsp70 synthesis by binding to cortisol receptors in the cytosol. Glucocorticoid receptor complexes contain Hsp70, which may be released upon binding with cortisol and, as a result, increased levels of free Hsp70 may inhibit specific transcription factors and subsequent Hsp70 expression (Morimoto et al., 1996) . Thus, elucidation of the various signal pathways that regulate Hsp production and degradation will contribute significantly in this regard.
CONCLUSION
The results of the present study show that heat acclimation affects the response of broilers during a heat stress episode. However, despite the higher hepatic and brain Hsp70 contents, the involvement of this protein in the development of thermotolerance is not fully guaranteed.
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